This work is focused on the thermodynamic modeling of systems related to biodiesel 12 processing using the Perturbed Chain form of the Statistical Associating Fluid Theory (PC-13 SAFT). Different binary ester + ester and methanol or ethanol + ester systems were investigated. 14 The PC-SAFT equation of state was able to predict the vapor-liquid equilibrium and solid-liquid 15 equilibrium of different esters + esters binary systems. Furthermore, using a transferable cross-16 association parameters approach, the phase behavior of alcohols + alkyl esters of biodiesel was 17 successfully predicted for a wide range of pressure and temperature conditions. Polar interactions 18 seem to play a minor role in determining the phase behavior of mixtures considered in this work. 19 20 1. Introduction 23 24
Thermodynamics modeling and parameters estimation
The SAFT equation of state is based on Wertheim's thermodynamic perturbation theory 67 of first-order [3, 16, [22] [23] [24] [25] . This thermodynamic approach is normally expressed as a 68 summation of contributions to the residual Helmholtz free energy of the system. Such 69 contributions include: the hard sphere reference, the chain formation, the dispersion, the [14, 15] , and GC-SAFT which uses a group contribution approach [27, 28] . 77 The polar PC-SAFT EoS, as developed by Jog and Chapman [19] [20] [21] , can be written as a 78 sum of contributions to the residual Helmholtz free energy, as follows: In Equation (6) For the cross-association parameter estimations (Equations 4 and 5) the same optimization 126 strategy presented above was used, however through minimizing the function in Equation 8: average deviation (AAD%) in fitting the vapor pressure and density is also shown in these tables.
146
As mentioned previously, the product of x p m is expected to be constant for components 147 within a homologous series. As presented in Table 1 , the product x p m was fixed to a value of 1.5 148 (Set 1), while fitting x p for the other two sets of parameters. It can be seen from Table 1 
184
[40], the binary methyl palmitate + methyl stearate system tends to form an azeotrope at high 185 concentrations of methyl palmitate. For this system, both models with k ij = 0 were not able to 186 predict correctly the experimental phase behavior observed for this binary mixture ( Figure 6(A) ).
187
However, setting the binary interaction parameter to k ij = 0.01 proved to be adequate in getting Considering the cross-association parameters to be transferable, the vapor-liquid 219 equilibrium of different alcohol + ester systems was predicted. Again, the binary interaction parameters k ij were all set to zero. Table 5 illustrates the computed deviations in bubble point and 221 vapor phase composition as predicted by the model in comparison to experimental data.
222
Deviations calculated for both models without considering the cross-association are presented in 223 parentheses (see Table 5 ). In general, it can be seen that the transferrable cross-association 224 energy and volume parameters were able to provide a good estimation of the saturation data. The Figure 10) , in which the shape of phase envelopes was predicted in a satisfactory way.
238
Furthermore, regarding the systems at low pressure conditions (Figure 8 and 9) , the 239 SAFT models were able to predict the sudden and sharp decrease in the bubble point temperature 240 as minor quantities of alcohol are added to the pure long chain esters. On the other hand, the 241 model tends to under-predict the saturation temperature when cross-association is not included.
242
In conclusion, adding the polar term seems to be unnecessary to describe well the phase behavior of binary systems involving alkyl esters with short chain alcohols. Otherwise, including cross-244 association was helpful in predicting the correct phase diagrams of ester + alcohol systems. 
